Studies on the Arginase Activity of the Skin*  by van Scott, Eugene J.
STUDIES ON THE ARGINASE ACTIVITY OF THE SKIN*
EUGENE J. VAN SCOTT, M.D.
Arginase is an enzyme which catalyzes the conversion of arginine into or-
nithine and urea. The finding of arginine, among other amino acids, on the surface
of the skin and in sweat has been held as tentative evidence that urea is formed
in the sweat glands by the action of arginase on arginine (1, 2). That arginase is
present in the skin has been demonstrated in mice (3).
In the present study it was attempted: (1) to ascertain the presence of arginasc
in human skin and determine the normal variations of its activity, (2) to deter-
mine the distribution of the enzyme in the skin, and (3) to detect any changes
of its activity in various pathological processes.
After trying several methods described in the literature for the determination
of arginase activity, the following modification of methods reported by Roberts
(4) and Van Slyke and Archibald (5) was adopted:
For the estimation of arginase activity in normal skin, samples were obtained from
surgical specimens of radical mastectomies. From the time the skin was obtained it was
kept frozen until later, when 6—8 mm. punch biopsies were taken and the subcutaneous fat
removed. The weight of such specimens varied from 100—200 mgms. wet weight as deter-
mined on an analytical balance. Later, when skin was taken from patients directly, 4 mm.
biopsy punches were used, the specimens weighing approximately 20 mgms. each.
The skin in each case was placed between two leaves of aluminum foil with the edges
sealed and crushed in a piston-cylinder apparatus. It was then transferred to a 50cc. Erlen-
meyer flask. 2 cc. of 0.85 N NaCl and 1 cc. of 0.2 M MnC1,4H20 were added. The addition
of manganous ions served the purpose of activating the enzyme arginase (4). After incuba-
tion for one hour at 500 C., 2 cc. of an 0.85 M solution of arginine, pH 9.5 (5), were added
and incubation at 38° for one-half hour was carried out in a shaking apparatus. At the end
of this time the reaction was stopped by the addition of 1 cc. of 1.2 N H2S04, making the
final volume 6 cc.
Urea determinations were done in the Warburg respirometer by the urease method,
first described by Krebs and Henseleit (6). In the main flask were used 3 cc. aliquots of
the above, 0.3 cc. of a 3 N acetate buffer of pH 5.0, and 0.1 cc. aniline. 0.5 cc. of a 0.01%
urease suspension was used in the side arm.
The urea values obtained served as an index of the amount of arginase present.t This
activity is expressed as mgms. of urea N, as liberated under the above described condi-
tions, calculated per 100 gms. of wet weight tissue. No attempt has been made to convert
these values into units inasmuch as different authors have individually defined different
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f Initial urea values were determined on several normal specimens, using saline extracts
of crushed whole skin. These values ranged from 9 to 18 mgms. urea N per 100 gm. wet
weight and averaged 13 mgms urea N per 100 gms. In warts and other hyperkeratotic lesions
the values ranged up to 28 mgms. urea N per 100 gms. These small amounts of initial urea
were felt to be negligible as compared with the amount of urea liberated by arginase and
have not been recorded in the tables.
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units of activity and no standard unit has been agreed upon. It is expressed in relation to
wet weight because of the method employed and because this gave satisfactory agreement
with repeated runs.
TABLE I
Arginase activity of normal whole skin from surgical specimens of female breasts
SPECIMEN ARGINASE ACTIVITY (MGMS. UREA N PER 100 GMS. WET WEIGHT)
1
2
3
4
5
6
7
8
316
490
238
282
562
202
372
277
Average 355
TABLE II
Arginase activity of epidermis and corium
EPIDERMIS CORIUM RATIO OP CORIUM/EPIDERMIS
A. Mechanically separated:
1,505 57 1:25
3,420 127 1:27
B. Heat separated:
1,515 146 1:10.5
1,672 148 1:11.3
1,450 178 1: 8.2
Average of heat separated:
1,546 157 1:10
RESULTS
Table I shows the arginase activity in the breast skin removed by radical
mastectomy from eight patients, the range being from 202 to 562 mgms. urea
N liberated per 100 gms. wet weight.
To roughly determine the layer of the skin in which the enzyme might pre-
dominate, the epidermis was sliced from the corium on a punched-out frozen
specimen, as far as such mechanical separation is possible. Analysis was run on
each part, the results of which are shown on Table II. Because of the poor agree-
ment of the absolute values on two specimens, heat separation of the epidermis
from the corium, according to the method of Baumberger, Suntzeff, and Cowdry
(7), was performed. Such separation is possible without completely destroying
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the enzyme because it is quite stable to moderately high temperatures. Precau-
tions were necessary, however, to prevent loss of weight by evaporation. This
evaporation was minimized by inverting a small flask containing wet filter paper
over the skin specimen during the process of heating, insuring a moisture satu-
rated atmosphere. Weighing of the epidermis and corium was done immediately
after their separation. Comparison of the arginase activity of whole skin similarly
heated to whole skin not heated showed a loss of approximately 50% due to
heating. This loss is corrected for in Table V and Table VJJ. Table II shows the
enzyme activity of the epidermis and corium separated as described and, to-
gether with the results of mechanical separation, clearly indicates that the site
of activity resides predominantly in the epidermis.
TABLE III
Distribution of aryinase activity in the corium
UPSER CORIUM LOWER CORIUM RATIO 0F LOWER CORIUM TOUPPRR CORIUM
526 88 1:6
280 101 1:2.8
TABLE IV
Arginase activity of skin in psoriasis
PATIENT SITE UNINVOLVED SKIN LESION
Lat.upperarm 2,300 12,775
Lat. thigh 471 4,450
RATIO OF UNINV.
SKIN/LESION
1:5.5
1:9
LE.
EL.
In addition, after heat separation of the epidermis, the corium was again
quickly frozen with solid carbon dioxide and was sliced into halves roughly
corresponding to the upper and lower corium. The results, shown in Table III,
suggest that a great amount of the enzyme is in the upper corium. Whether this
is due to small portions of epidermis adherent to the upper corium, to epidermal
appendages, or to greater activity of this portion of the corium itself is not known
at present. From this data on the corium it \vould appear that the sweat gland
parenchyme, which is situated in the lower corium, does not contain significant
amounts of arginase. However, nothing definite can be said about this point
because of the relatively small volume of the sweat gland coils.
In order to test the arginase activity of sweat, a normal male subject was
placed in a heated cradle and the beads of sweat were collected with a needle
and syringe. The urea N content of such sweat was found to be 85 mgms. %.
The arginase activity, however, proved to be zero.
It was felt that further clues regarding the more exact location of the enzyme
in the epidermis could be had by analysis of pathological skin. Table IV shows
the values of enzyme activity as found in two female patients having psoriasis.
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While the activity of the uninvolved skin of the patient L. F. was found to be
higher than that of normal breast skin, it is thought this is probably due to the
greater thickness of the epidermis of the skin in the region from which the speci-
men was taken. In both subjects arginase activity of the skin taken from lesions
was found to be increased beyond that previously obtained for epidermis alone.
To determine whether this increased activity of the enzyme in psoriatic lesions
is unique for the specific disease process or represents a reflection of an acanthotic
process, analyses were run on common warts removed from four male patients.
The results of these determinations are shown in Table V and indicate that the
activity of these lesions is even greater than would be expected if the lesions
had been made up entirely of normal epidermis.
TABLE V
Arginase activity of common warts and how it compares to that of average normal whole skin
and epidermis
(average normal whole skin: 355)
(average normal epidermis: 3,092*)
AFOINASF ACTIVITY OF WAFT
16,900
34,400
6,030
43,500
RATIO OF NORMAL WHOLE SKIN/WAFT
1:48
1:95
1:17
1:121
RATIO OF NORMAL EPIDERMIS/WAFT
1:5.5
1:11
1:2
1:14
Av.: 25,207 1:71 1:8
* Corrected value which accounts for 50% loss of arginase activity due to heat separa-
tion of epidermis.
TABLE VI
Arginase activity of keratin grossly trimmed from lesions
LESION FROM WHICH KEFATIN OBTAINED AEGINASE ACTIVITY
Plantnr wart 1,160
Arsenical keratosis 9,100
To investigate the possibility that arginase might be accumulated and retained
in the horny layer, and therefore account for these high values in warts, keratin
material, as trimmed from a plantar wart and an arsenical keratosis, was ana-
lyzed for arginase. The values of arginase activity found in this material did not
support this possibility of the enzyme being concentrated in the horny layer
(Table VI).
The question remained whether proliferation of the Malpighian layer was
alone responsible for the increased activity in lesions with a hyperplastic epi-
dermis or whether other elements were involved. Thus, the enzyme activity of
selected miscellaneous lesions was determined. Diagnosis of each lesion was
made by histologic study of one-half of the biopsy specimen. Table VI shows
that lesions which are characterized by considerable proliferation of basal cells
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do not nearly contain as much enzyme activity as common warts with a com-
parable degree of proliferation of rete cells. Plate I is a microphotograph of a
FIG. 1. Microphotograph of basal cell carcinoma showing masses of tumor cells (X55)
This lesion showed only very slight increase of arginase activity as compared to the activity
of normal skin.
TABLE VII
Arginase activity of miscellaneous lesions and how it compares to that of average normal
epidermis and warts
(average normal epidermis: 3,092k)
(average wart: 25,207)
LESION RATIO TO WARTS
Seborrheic wart
Seborrheic wart
Basal cell Ca
Basal cell Ca
Basal4ntermediate cell Ca
Pigmented nevus
685
1,223
2,370
680
4,700
933
1:4.6 1:37
1:2.6 1:20
1:1.3 1:10.7
1:4.6 1:37
1.6:1 1:5.4
1:3.4 1:27
* Corrected value which accounts for 50% loss of arginase due to heat separation of
epidermis.
basal cell carcinoma showing tremendous masses of basal cells but having an
enzyme activity of only 680. Nor do the nevus cells account for any significant
increase of activity, as evidenced by the relatively low value obtained on a pig-
mented nevus.
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Samples of uninvolved skin were taken on two female patients with psoriasis
prior to their being treated with ACTH. Two weeks after the institution of ACTH
therapy, samples of uninvolved skin were again taken. Comparison of the values
before and after ACTH therapy did not show significant changes of arginase
activity following ACTH.
SUMMARY AND CONCLUSIONS
1. Estimation of arginase activity in normal skin is reported.
2. This activity resides predominantly in the epidermis.
3. Pathologic cutaneous lesions associated with proliferation of the rete cells,
such as psoriasis and verrucae vulgares, show greatly increased arginase activity.
This activity is greater than would be accounted for by the thickening of the
epidermis alone.
4. Tn lesions due to basal cell proliferation, such as seborrheic warts and basal
cell carcinomas, only slight or no increase of arginase activity is found. Therefore,
arginase activity appears to be a function primarily of the Malpighian layer.
5. High arginase values are not found in pigmented nevi.
6. No arginase activity is found in sweat.
7. Administration of ACTH has no significant effect on arginase activity of
normal skin.
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ADDENDUM
Following the submission of this report for publication the author's attention
has been called to the work of Mardashev and Semina which was reported in the
Russian literature (Biokhimiya 13: 236 (1948), quoted by Chem. Abstracts
42: 750g (1948). According to the abstract these workers have also demonstrated
the presence of arginase in human skin and similarly have noted its concentra-
tion in the epidermis.
Recent work in this laboratory indicates that within the epidermis proper the
greatest arginase activity is localized in the cells of the upper portions of the
Malpighian layer and seems to reach its maximum in the granular layer.
